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ENZYME METHOD FOR DETECTING LYSOPHOSPHOLIPIDS AND PHOSPHOLIPIDS 
AND FOR DETECTING AND CORRELATING CONDITIONS ASSOCIATED WITH 
ALTERED LEVELS OF LYSOPHOSPHOLIPIDS 

5 RELATED APPLICATION INFORMATION 

This application is a continuation-in-part of U.S. Patent Application Serial No. 

09/1 76,8 1 3 filed October 1 2, 1 998. The priority of the prior application is expressly claimed, 

and the disclosure of this prior application is hereby incorporated by reference in its entirety. 

10 

FIELD OF THE INVENTION 

The present invention relates to enzyme methods for detecting lysophospholipids, such as 
lysophosphatidic acid, (LysoPA) and lysophosphatidyl choline (LysoPC), in biological fluids, 
15 and for correlating and detecting conditions associated with altered levels of lysophospholipids. 

BACKGROUND OF THE INVENTION 



20 polyunsaturated fatty acids such as arachidonic and linoleic acids. The former is a precursor of 
eicosanoids which have numerous biological activities. Hydrolysis of PC yields 
lysophosphatidyl choline (LysoPC) and constituent fatty acids, which have been implicated in 
signal transduction (Asaoka et al., Proc. Natl. Acad. Sci. USA 90:4917-4921 (1993); Yoshida et 
al., Proc. Natl. Acad. Sci. USA 89:6443-6446 (1992)). An increasing body of evidence indicates 

25 that LysoPC, which is present in high concentrations in oxidized low density lipoproteins may 
play a significant role in atherogenesis and other infiammatory disorders (Steinberg et al., 
New..Enu. J. Med . 320:915-924 (1989)). LysoPC has been reported to increase the transcription 



Phosphatidyl choline (PC), also named lecithin, is one of the major sources of 
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„f,„ese„c„.„.p.a,e.e.aenve..o.*rac.o.Aa„aBc.a.s,a.,.pann.^^^^ 

fac.o.,.e pro.,„ (HB-EGF, .n cuU.ed e„ao.e„a, ce„s ,K„.= and 0,™b.o„c, ^ 
,3:907-9,1 0994,,. and to increase ™RNA encod.ng HB-EGF in hu.an n,„noc„es 

(Nakano e, a,., Pa^N«LA..O^ <'''^'>^ ^^^^ ^^-^''""""^ 

, lie cnH fihrnhlasts (Higashiyama et al, Science 25 1 :936-939 
5 mitogens for smooth muscle cells and fibroblasts ^nig y 

n A ^ ^(.rm 809 (1993)). LysoPC has also been shown to activate 
(1991)- Ross, Nature (Lond.) 362.801-»uy (i^^^)) y 

p„.e,„.naseC™.^(Sasa.e.a,.,EE™3aO.V.5,,>9m.opo,en,ia.e*e 

,,,,.,„„or.™a„T«es(Asao.aeuUE:...M^^^ 
,,992,) and .0 potentiate ,.e differentiat.on of HL-60 ce„s to macrophages tnduced by ether 
,„ n,er„hrane-pernrcahied.ac,,.ycero.s„rphorhoiestcrs(Asao.aeta,.,E«Ui.^ 

USA 90:4917-4921 (1993)). 

LysoPC ntay aiso provide a source of hioacttve iysophospha.td.c acd (,-acy,-sn.g,ycero- 

3.phosphate,LysoPA)(Moo,e„aare.a,.,K..«^!.— 
„™,h hydroiysts hy iysophosphohpase D —a e, a,., B»M»S75:3..38 
, 3 „<,S6), LysoPA is a natnrai.y occurs phosphoUp.d with a wrde ran.e of growth factor-hke 

biosynthesis ,n both eu^a^otic and pro.aryotic ce„s ,Van den Bosch, A„.»l«. 

„ .,1 1 Racteriol 1745702-571O(1992„. TheabilityofLysoPA 

43-243.277 (1974); Racems et al., I Bactenoi . 

, u ../iiVnot Arch PathoLfteEMtel. 240:124- 

,0 act as an intercellular lipid mediator has been noted (Vogt, ArclU^ 

,0 ,3„„60,:Xuetal..iC«l. ,3:441-450 ,1995,: Xu e. al„ Il« 309:933-940 
,,,,5,:T,syietal..C^.9H908.1912,1994,;Panettieta,,,U..L»^ 
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2„ 0^^™. LysoPA .s rap,d.y generated ,y aCva.ea p,a,e,e.s and can s„n,u.a,e pia.eie, 

aggregation and wound repair. 

ovarian cance. activating factor ,0C AF), has been tso.ated fro. ovarian cancer ascites 
n.d(M,,,seta..,£«^^^:.06M.mMii.se.a,.i^I«S^SM,,9,.^ 

, as. patent Nos. 5,326,6,0 and 5,277,9.7, and has been id=nt,f,ed to consts. of nru,t,p,e fomrs 

o 1. 179-! 123211995)). LysoPAhasbeenidentifiedasa 
of LysoPA (Xu et al., OiaCance EeS- 1 ■ 1223-1 232 ( 19«)) y 

potent tumor growth factor ,n the asctes fluid of ovarian cancer patients W 

Other lysophosphohptds assocated wtth various conditions include .ysophosphatidy, 20 
.nne (LysoPS,, „sophospha.id„ ethanCamine (LysoPE), iysophosphatid, giycero, (L,soPG 

.PLA2 and PS-PLA). sPLA2 is reported to he elevated in inna.ina.ory reactions and inhihition 
„.H.sen.nrereduced— .on(Schr,ereta..,M««.39,S).292..299,.99.^ 

„cheta..,E— ,2).52.59<,99.)). PS-PLA. 
: Mroly.es phospha.idy,serine or .ysophosphatidy, seine (LysoPS, specficaUy to produce 
, , LysoPS or G,ycero,.3-P senne. LysoPS s.ron,y enhances degran„.ation of rat mast ce..s 

,n,„cedhyco„canava..nAa„dpo.ent.ates histamine release ,Tal„ori.Na.orie.a,.,» 

O^) ,00O,.8,-590 (.9S6),, and can s.i.u.a.e sPLA2.e,ici.ed h.stamine re.ease from ra. 

.rosa, mas. cei.s (Hara et a,„ b™^- .'(3):---' ^^"^^ » 

,„,ammatory.,pidmediator.Uore.e.a,.,L«l-^0,:S9.95 0995„a„dsPLA2has 

,0 heenimp,icate.ininnammationprocesses,Uoreteta,.,I^32(„.:,327.,3360994„, 

LysoP. has been shown ,o st.mu.ate yeast adeny.y, cyc.ase activity with imphcations for 

3 
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.„,„,a.in, the aCvUy of —a. effec.or .Cecules and .helr ,n,erac.,on w,* RAS 
p„,e,„s,Res„,cRa„dTho™as.a„iB^. 269(5, »:32336-3234, ,.9.4„. 

Me.hoas for separating and sen,i.,nan,i.aUve>y measuring phospKoi.pid. such as U^soPA 
us,n, .ecH„i,ues sue. as *i„-,a,er *o™a,ograph, ,TLC, followed by gas chro.a.„sraph, 
3 ,GC, anCor .ass spec„ (MS, are .now„. For example, (ipids n-a, be ex.rac.ed fro™ .he 

D,er can 37:9,1-9,7 ,,959). Thin-layer chronra.ography .ay he used .o 

separafe vanous phosphohp.ds, for exa™p,e as descrrhed h, Thonras and Ho,uh, Bi^ 

^,0S,..92.9S(,99„. Phospholipids and ,ysophospho„pids are .hen v,sua,ized on 

,0 p,a.es. for example usrng uhraviole. Ugh. as described hy GaudeUe e. ah, LM^- 

268-,3773-,3776 (1993,. M.ema.,ve,y, lysophospholipid concen,ra.,ons can he rdenhfred by 
NMR or HPUC following isolafion ftom phospholipids or as par. of .he phospholipid (Cr.r and 
Gross 20(,2,:922-928 (,985, and Bowes e. ah, 268(,9 „3SS5.,3892 

: 0993,,. LysoPA ,eve,s have also been de.emrined in asc.es ..on. ovanan cancer pa.ien.s us.ng 

; a„assay.ha.rel,esonLysoPA-spec,nceffec.sonenkaryo.,ccellsincul,ure(Mn,se.a,.,C^ 

48:,066-,07, (,98S„. However, .hese prior procedures are „n,e.consun„ng, expens.ve 
and variable and typically only semi-quantitative. 

Ocv=,op.en, of a raprd and sensi.tve assay for iysophospholipid speces would fachtate 
„.eof,hese,ysophosph„,ipidsas markers for cellular acvhies such aspla.e,etac.iva.ion and for 

,0 condi.ions associa.ed w,h aUered levels of lysophosphohp.d species. Moreover, such assays 
would provide a method for declining correlations between altered levels of a 

4 
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lysophospholipid and conditions associated with suclt altered levels. 

1|llirl'l'Y'-'''THFINVFNTI0N 

The present inventton encompasses enzyntattc methods for detemtnttn. concentrations of 
„sophospholtp,ds, such as LysoPA. in samples of bio.ogtcal flutds such as serum or plasma. 
The methods involves a two-step en.ymatic digest.on of at least one t^e of ,,sophospho,ip,d to 
produce a suhstrate for a suhse,uent en.,ma.,c reactton which produces a detectable end product 
that then perati.s detection of the concentration of the lysophospholipid. 

The methods are carded out by detecting the concentration of a lysophospholipid such as 
LysoPA in a sample of bodily Hutd taken from a subject. The lysophospholiptd .n the sample ts 
preferably ftrst enrtched through extractton of lipids. For example, polar liptds are redissolved ,n 
a,ueo„s solutton and the concentration of lysophospholiptd ,s detenntned ustng a two-step 
enzymattc reactton. The lysophospholiptd is digested using an en.yme to generate a product that 
: , , .hen subject to a second enzymatic reactton. In a specif.c embodiment, the second reaction ,s 
an enzymatic cycling reactton that amplifies. he signal. This method pe^tts measurement of a 

lysophospholipid present ,n small amounts in the test sample. 

,n one embodtment. an enzyme such as lysophospholipase or phospho.ipase B is used to 
liberate G3P from LysoPA. The level of 03P ,s determined us.ng an enzymatic cycling reactton 
,„ that employs G3P oxidase and g,ycero,-3.phosphate dehydrogenase in the presence of NADH. 
The amount of LysoPA detected ts ,ua„t,tated spectrophotometnca.ly by measunng the 
„x,da„on of NADH. Alternatively, the amount of LysoPA ,s declined colonmetncally by 
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detection ofhydrogen peroxide generated by the cycling reaction^ 

In addttion to Ly.oPA, other lysophospholipids such as LysoPC, lysophospha.tdyl serine 
<Lys„PS), lysophosphatidyl inositol (LysoPl), lysophosphattdyl Chanolamine (LysoPE) and 
lysophosphattdy, glycerol (LysoPG,. can be detected ustng the methods of .he invention^ For 
these lysophospholipids, altema.tve enzymes for use ,n the methods tnclude, b„. are not hmitcd 
,0, phospholipase A„ phospholtpase A. phosphohpase C. phospholtpase D, lecithinase B and 
lysolecithinase, glycerophosphoeholine phosphodtesterase and glycerol kinase. 

The enzymatic methods of the invention can be used to detect altered levels of 
lysophospholipid in a subject compared to nomral levels of the lysophosphohptd in normal to 
,0 detect condttrons associated wtth such altered levels of lysophospholipid. Diagnosts of a 

condition using .he methods of .he invention may also be performed by de.erm.nmg .he ra.e of 
change over time of the concentration of a lysophosphohptd in s^ples taken from the subject. 

Another embodimem of the invention is use of the assay in a method .0 de.ermine 
wherher a correlation exists between ,he level of a lysophosphohpid and .he presence of a 
, 5 condihon. In .hts embodtmen., ,he concentration of a lysophospholiptd ts determtned m samples 
from subjects known to have a specific disease condition, such as an .nflammatory condt.ton, 
and compared to coneen.ra.ton of that lysophospholipid in subjects free of such condition. 
Altered levels of lysophosphohpid in the samples from the subjects havtng a condi.ton as 
compared to samples from nonna, subjects suggest a correlation between the levels of .he 
20 lysophospholipid and .he presence of .he condition. 

Ye. another embodimem of the methods of the inven.ion is a diagnos.,c kit eontaming 
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e„„ce„..„o„s of .ysop.osp.C.p.s in samples or .o., n„.s .a.en fro. s.,=c.s^ 

' ,Hep.ese„.i„ve„,,o„prov.e.e„.,„a«c™e.Koasro,«ec.,n,a„d,.-f.nsa,»ea 
„„oe— or.sopH„spHo«pi.,— ,.u.«oU«^^ 
<LysoPA), lysophosphaddy, choline (LysoPC), iysophopha.idyl senne (LysoPS), 
,y.ophospha,idy. .nosito, (LysoPI). lysophosphafdy, e.ha„o,a™„e (LysoPE, and 

,0 ,ysophospha.,dyU,ycero„LysoPG,inasan,p,eofboci«ynu,<ifro™asu,ecf. 

.,es„.ec,,sa„e„.a.o«co.a„is.,p,er.a.yave„e.ae>c,u.n..u.„oU,..^^ 

. ..a.™a,,a.i.,ar,sH,a„a.pH.iu™,o,a.p.„e. P„f.a«y, *e ..ec. . a — , 
™.p.re„.ya..a„,TKe.o.yn„i.i„cMes,..isno.>™Ue..o,p.as.^^ 

saliva, ascites, cerebral spinal fluid or pleural fluid. 
:„ ^eco„d..,onseorre,a.edwr.Hal.eredco„een.ra.ionsof.ese,ysopbospbo,,p.ds.ncl^^^^ 

,.areno.«ed.„,— ry— s,...cond,.,onsassoc,a.ed.,.pM^^^^ 

.,.e,edpbospHolipid.e.aMisnrbasbeenreporred,nanu.berofdrseases.orre«ewsee 

0.e.orCevc,Bd,,PbospbolipidsHandboo.,Cb..S:Oup.a,Pbospbo,.pids,„«sease.ppS,^ 

,„.09«,,a„dcanlead.oal.eredlysop.ospbol,p,dandpbospbol,pid,evels,n.^^^^^^^^ 
,.esediseasesinclude,burareno,l«ed.o,sic.eee,la„en,,a,d,abe.es,nruseu,ardy.™^^^^ 

,.e.ia,liverd.sease.lun.d,s=ase,Hear.d,sease,.alar,a,Al.e,™r.s,Par.^ 
.ar.ousca„cers.,n.esec„ndi.ions,defec..ecel.u,arfunc.,ons.ayd,rec.lyori„d,recrlylead 
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.0 Cannes in .ead, sU.e levels of phosphCpids. OU.r diseases inCude b,eed,„8 disorders 
.eluding .hose assoca.ed wUh abnon^a, platelet funCon resulting ,n eoagulopathy. 

Thus the methods of the present tnvention are dneeted to the detection of eondi.tons that 
known to correlate, or the identification of conditions to correlate, with altered concentrations 



are 



10 



of l,sophosphol,p,ds ,n the bod.ly fluids fro. a subject relative to concentrations found in bodtly 
fluids from a subject lacking a condit.on associated with altered concentrattons of 
lysophospholipids (i.e. •■normal subjects"). 

llSFS^FTmiNVF.NTION 

The methods of the tnvention provides a rapid and accurate assay with increased 
.ensi.,v„y for detecng small amounts of lysophospholipids present in samples of bodily fluids 
from subjects. The enzymattc assay can be used to detect eondt.ions associated w,th altered 
levels of lysophosphohpids in a sample from a subject as compared to nonnal samples. In 
, , addttion, the assay permits determination of eo.elat,o„s between various disease condittons and 
alterations in the levels of lysophospholipids. The methods of the tnvention and test Ictts thus 
provtde a practical means to detect condittons associated with altered levels of eertatn 
lysophospholipids. 

, ygriPHnSPHOUPIDS 

The methods of the tnvention are carried out as follows. A btolog.cal sample such as 
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sample, for example, by organic extraction using chloroform:methanol and centrifugation and 
enriching for a selected species of lysophospholipid, e.g. LysoPA, or for total lysophospholipids. 
The need for enrichment depends in part on the specificity of the enzyme used to digest the 
lysophosphohpid to be determined. An enzyme which hydrolyzes the lysophospholipid is 
5 incubated with the extracted lipid sample producing a smaller metabolite. Next another 
enzymatic digestion is performed to produce a detectable product. In one embodiment an 
enzyme cycling reaction which consists of two enzymatic reactions that accumulates detectable 
products is performed. In the Examples herein to detect LysoPA levels, Phospholipase B (PLB) 
or lysophospholipase (LYPL, EC 3.1.1.5, Asahi Chemical Industry Co., Ltd., Tokyo, Japan) is 

10 used to produce glycerol-3-phosphate (G-3-P). An enzyme cycling reaction is then performed 
using glycerol-3-phosphate dehydrogenase, glycerol-3-phosphate oxidase and NADH to 
accumlate H2O2 and NAD (U.S. Patent No. 5,122,454, Ueda et al.) 

The level of LysoPA is detected by monitoring the oxidation of NADH 
spectrophotometrically at 340 nm (i.e. disappearance of OD340) and the accumulation of H2O2 

1 5 colorimetrically using peroxidase. Numerical values are obtained from a standard curve 
consisting of known CI 8:1 LysoPA. Typical standard curves include known amounts of 
LysoPA from 0 to 3 |aM. Assays are preferably performed in duplicate with both positive and 
negative controls. The difference between OD340 before and after the enzyme cycling reaction is 
directly proportional to the amount of LysoPA present. Background signals in plasma without 

20 phospholipase B are substracted from all samples. LysoPA standard cur\e values are plotted and 
fitted to a linear or second-order polynominal curve fit. The levels of LysoPA in each sample are 
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determined by comparing each signal measured to the standard curve. 

Alternatively, the lysophospholipid can be detected using additional and/or different 
enzyme combinations. For example, phospholipase C (BC 3.1 .4,3, Sigma Chemical Co., St. 
Louis, MO) is used to cleave inorganic phosphate (Pi) from LysoPA. Levels of LysoPA are then 

5 determined by measuring the amount of liberated Pi using established procedures, e.g. using a 
commercially available kit (Procedure 670, Sigma Chemical Co., St. Louis, MO). For increased 
sensitivity. Pi is determined using purine nucleoside phosphorylase (PNP), xanthine oxidase 
(XOD) and urate oxidase (UOD) as previously described (Kawasaki et al,, Analytical Biochem. 
182:366-370 (1989)). The latter method generates 3 H2O2 molecules for every Pi. The 

10 accumulation of H2O2 is detected colorimetrically using peroxidase. 

In another embodiment, the lysophospholipid, such as LysoPA, is incubated with 
phospholipase B or lysophospholipase to produce G-3-P. G-3-P is converted to 
dihydroxyacetone phosphate and hydrogen peroxide using G-3-P oxidase in the presence of 
oxygen and water. In the presence of NADH, G-3-P dehydrogenase converts dihydroxyacetone 

1 5 phosphate back to G-3-P and oxidizes NADH to NAD. The disappearance of NADH is 

monitored spectrophotometrically at OD34o- Alternatively, the production of hydrogen peroxide 
may be measured, for example colorimetrically by fluorometry or chemiluminescence. For a 
colorimetric assay any of a number of chromogenic substrates may be used including 4- 
aminoantipyrine (AAP), pyrogallol, 2-(2'-Azinobis (3-ethylbenzthiazoline-sulfonic acid) 

20 (ABTS) and 3,3',5,5'-tetramethylbenzidine) (TMB). 



In yet another embodiment, LysoPC may be determined by liberating 
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glycerophosphorylcholinc (GPC) and felly acid from LysoPC using phospholipase B or 
lysophosphohpase. The level of LysoPC is determined by hberaling cholme and glycero-3- 
phosphale (G.3.P) from GPC using GPC phosphodieslerase (GPC-PDE) followed by a 
colonmelric enzymatie delermina.ion of eholine using choline oxidase, 4-an,inoan,ipyrine 

5 (AAP), 3,5 Dichloro.2-hydroxybenzenesulfo„ic acid sodium sail (HDCBS) and peroxidase. 
Choline is delecled by oxidizmg lo H,0, and belaine and then using peroxidase to form 
^uinoneimine dye. AUemalively, G-3-P is measured usmg G-3.P dehydrogenase and oxidase in 
the cychng reaction of the assay of the invention. 

,„ addition to LysoPA and LysoPC, other lysophospholipids such as lysophosphatidyl 

,0 senne (LysoPS). lysophosphat.dy, inositol (LysoPI). lysophosphatidyl ethanolamine (LysoPE) 
and lysophosphatidyl glycerol (LysoPG), can be deteelcd using the two step enzymatic assay 

methods of the invention . 

Enzymes for use in the first step of the method to digest lysophospholipids include, but 
are no, limited to. lysophosphohpase, phospholipase B, phospholipase A„ phospholipase A. 

1 5 phospholipase C, and phospholipase D. 

Enzymes for use in delecting the product of enzymatic digestion of lysophospholipids in 
step one include glycerol-3.phosphate dehydrogenase. glyceroH-phosphate oxidase, 
glycerophosphoiylcholine phosphodiesterase (GPCPDE), choline oxidase, serine 
dehydrogenase, serine deaminase, aldehyde dehydrogenase, elhanolamine deaminase, 
20 glycerokinase and glycerol dehydrogenase. 

For example, to determine LysoPS, the LysoPS is digested by phospholipase D imo 
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serine and LysoPA. The amount of serine produced is determined by detecting NADH 
formation (absorbance at A340) via serine dehydrogenase. Alternatively, the serine is deaminated 
using deaminase to form ammonia (NH3) and HOCH2-CO-COOH. Alternatively, LysoPS can be 
digested by lysophospholipase to form Glycerol-3-P serine which is then digested using glycerol- 
5 3-P choline phosphodiesterase (GPC-PDE) to form Glycerol-3-P and serine. The LysoPS is 
determined by detecting NH3 production or NADPH production via serine dehydrogenase or by 
using a Lyso-PS specific lysophospholipase enzyme. 

LysoPE can be determined using the enzyme assay of the invention by hydrolyzing 
LysoPE into LysoPA and ethanolamine by phospholipase D. The ethanolamine is then 

10 deaminated by deaminase and dehydrogenated to produce NADH to produce HOCH2-CHO and 
NH3 The HOCH2-CHO is then digested with aldehyde dehyrogenase to form NADH which is 
then detected by spectrometry (e.g. at A34o)- Alternatively a LysoPE-specific lysophospholipase 
enzyme can be used to hydrolyze LysoPE to Glycerol-3-P ethanolamine which in turn is 
hydrolyzed to Glycerol-3-P by glycerophosphorylcholine phosphodiesterase (GPC-PDE). 

1 5 Glycerol-3-P is then measured using the cycling reaction of the invention. 

In the methods of the invention, an alternative to the liquid organic extraction for 
enrichment includes the use of solid phase extraction using, e.g. a Bond-Elut® column (Varian, 
Harbor City, CA) consisting of silica or fluorosil can be used to enrich for the lysophospholipid 
and to remove proteins and other lipids. 

20 In order to optimize recovery of the desired lysophospholipid, inhibitors of endogenous 

enzymes that may be present in the sample may be used to prevent an increase in background 
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levels of lysophospholpid or degradation of the lysophospholipid levels in the sample. Such 

inhibitors include specific PLA2 inhibitors such as Aristolic Acid (9-methoxy-6-nitrophenanthro- 

(3 ,4-d)-dioxole-5-carboxylic acid, Bioniol Research Laboratories, Plymouth Meeting, PA); 

ONO-R-082 (2-(p-Amylcinnamoyl)amino-4-chlorobenzoic acid, Biomol); OBAA (3-(4- 
5 Octadecyl)-benzoylacryHc acid, Biomol), 4-Bromophenacyl Bromide (Sigma); Quincrine (6- 

Chloro-9-(4-diethylamino)-l -methylbutyl)amino-2-methoxycridine, Mepacrine, Sigma); 

Manoalide (Biomol) and HELSS (Haloenol lactone suicide substrate, Biomol); 

phosphodiesterase inhibitors such as IBMX (3-Isobutyl- 1 -methylxanthine, CalBiochem, La 

Jolla, CA); Ro-20- 1724 (CalBiochem); Zaprinast (CalBiochem) and Pentoxifylline 
10 (CalBiochem); general protease inhibitors such as E-64 (trans-Epoxysuccinyl-L-leucylamido-(4- 

guanidino) butane, Sigma); leupeptin (Sigma); pepstatin A (Sigma); TPCK (N-tosyl-L- 

phenylalanine chloromethyl ketone, Sigma); PMSF (Phenylmethanesulfonyl fluoride, Sigma); 

benzamidine (Sigma) and 1,10-phenanthroline (Sigma); organic solvents including chloroform 

and methanol; detergents such as SDS; proteases that would degrade phospholipases such as 
15 trypsin (Sigma) and thermostable protease (Boehringer Mannheim Biochemicals, Indianapolis, 

IN); and metal chelators such as EDTA (Ethylenediaminetetracetic acid, Sigma) and EGTA 

(Ethylene glycol-bis-(beta-aminoethyl ether), Sigma). 

The assay may be performed in a microliter plate format to permit small volumes of 

samples and reagents to be employed and for monitoring, e.g. using an ELISA reader. These 
20 formats facilitate automating the performance of the assay. Reduced processing times for the 

assays using such formats may reduce variability between results. 

13 
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,„i„aUy, phys,o,„g,ca, rnorman concem,a„ons of lysophosph„.,p,ds and/or specif.c 
5 lysophosphoUpid species are determined in subjeets no, having a disease condition. 

subsequently, .l,e concentration of tbe iysophospboUptds are nreasured in a sample of bod.iy 
nuid from a test subject to be screened for .be disease and compared to the concentrations 
establisbed for normal subjects. Concentrations of lysopbospholiptd tbat are s.gmft cantly 

,0 above norma,, may indicate the presence of a condi.ton associated wtth altered levels of tbe 

lysophospholipid. 

,n addition, the response of a condition to treatment may be monitored by detemrmmg 
concentrattons of lysophospboltp.d in samples taken from a subject over time. Tbe concentratton 
of a lysopbospboltpid is measured and compared to the concentration taken a, the earlier ttme 
,5 from that pattern. If there is an rncrease ,n the concentration of lysopbospholiptd over ttme, ,t 
may tndtcate an increase m dre severity of the conditton in tbe subject. Conversely, if there ,s a 
decrease m the concentratton of lysopbospboltpid, it may tndtcate an improvemem tn the 
condition of the subject. 



concentrations of lysophospholipids in 



20 piAr.NOSTICKlTS 

The methods described herein for measuring ( 
samples of bodily fluids from a subject may also be performed, for example, by ustng pre- 



packaged diagnostic 



kits. Such kits include enzyme reagents for digesting one or more 
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lysophospholipid, for example phospholipase B. The reagents include those to perform the 
enzyme cycling reaction such as glycerol-3-phosphate dehydrogenase, glycerol-3-phosphate 
oxidase and p-nicotinamide adenine dinucleotide (NADH) and ancillary agents such as buffering 
agents, and agents such as EDTA to inhibit subsequent production or hydrolysis of 
5 lysophospholipids during transport or storage of the samples. The kits may also include an 

apparatus or container for conducting the methods of the invention and/or transferring samples to 
a diagnostic laboratory for processing, as well as suitable instructions for carrying out the 
methods of the invention. 

The following examples are presented to demonstrate the methods of the present 
10 invention and to assist one of ordinary skill in using the same. The examples are not intended in 
any way to otherwise limit the scope of the disclosure or the protection granted by Letters Patent 
granted hereon. 

EXAMPLES 

15 

EXAMPLE I 

DETECTION AND QUANTITATION OF LYSOPA LEVELS IN HUMAN PLASMA 
20 Reagents 

Phospholipase B (PLB), glycerol-3-phosphate oxidase, glycerol-3-phosphate 
dehydrogenase, human plasma, human serum, 4-aminoantipyrine (AAP) and calcium chloride 
were purchased from Sigma Chemical Co., St. Louis, MO. Lysopholipase (LYPL) was 
25 purchased from Asahi Chemical Industry, Tokyo, Japan. Peroxidase and NADH were purchased 

15 
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. a. fatty acids and methyl esters 
, AUlipid standards, tatty 
u.im \ndianapo\is. IL. ai f . , m 3 5 DicWoro-2- 

l^^aperviUe, IL- 

■ toined capped on ice until P piasmawas 

blood was centnluB ,,jO(. ,„ -80 K,. 

,„ removed and transie , u„ and centrifuged at 580 x 8 

, ,,es.pe.a.a„.«sco«ee.ed..oa.o.e. 

^^V«--^^--"^^*^^ ,..pe™a.e.asd«a„.ed..oa.« 

, ..„,..daga..o,..da^.— °- ,,o... a„d « . co.e.a.ed 

„.o.,.ed.oa..e..e.o.s.P. ^^^^^^^ 

,,..o...d«eadded.*..^^^^^^^^^^^^^ 
,,e.es*..o™.-c.d.nedc.c..n.e. 
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s,rea„, and spotted onto ,he ongin of a s.Uca ge. G TLC plate (Fislter SeientiHc, Santa Clara, 
C A), Chrotnatography was performed in a solvent system eontatning 
chlorofonn:methanol:ainmonium hydroxide (65:35:5,5). 

Lipids and standards were visualtzed by spraying the developed plate w,.h Rhodanrine 
6G (Stgnta Chemtoai, in water and the spot corresponding to LysoPA was scraped from the 
plate. Each sample was sprked w,th heptadecanotc acd as an tntenral standard. The fatty acids 
were hydrolyzed by adding Inrl of IN NaOH in methanol and incubating a, 100»C for 15 
minutes. Afler cooling, I ml of boron .nflouride (14% in methanol, Alltech Associates, 
,0 Deerfteld, IL, was added and the sample tncubated 30 m.nutes at room temperature to produce 

and centnfuged for 3-5 mmu.es a. 3000 rpm to facilttate phase separatton. The organic (top) 
layer was collected, dried under nitrogen, resuspended m 25 ^1 hexane and sealed in an 
autosampler vial. 



15 



rhrnmatographv 

Fatty acd methyl esters (FAMES) were quantified using gas chromatography (GC) on a 
Hewlett Packard 5890 Series 11 GC fitted with an autosampler and fiame ,on,.ation detector. 2 
20 ,^ of sample in hexane were mjected tnto a Supelco S PB-5 capilla,^ column (Supeico, 

Bellefonte, PA). The GC program was set as follows: I70-235»C at ,0«C per minute and then 
held at 235»C for 13.5 m.nutes for a total run t,me of 20 minutes. Retentton times for the methyl 
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calibration agains, >he l,ep.adecanoic acid iniemai standard. 

^pproxi™te,v 0, nr, of piaspta were added .0 3.75 m, of c.orofo™:P,e,Hano, (.2,, 
™„cxeda„dce„.r,f.eda,3000rp.for,0.ip.es,T.e.pe,.a.ewasacca„ted,„toa„ew 

.t n<; ml water Tliis mixture was vorlexed and 
tube to which was added 1 .25 ml ehloroform and 1 .75 ml water. 

ce„..fn,ed asab„veto,ie.dabtphastc solution. The npper,a,erwascol,ected.„toanother 
, .„,cand2.Smlehloroforma„d«.— h.drochlor,cae.dwereadded,.bem.x.ure 
.rtexedandee„tr,fn.edasbeforc.T.e,owerla.erwasco,lectedand.ra„sferredintoaclea„ 
.„he.Thesamplewasevaporatedeomple.el,undern,.ro,enandthednedl,p,dex.ractwas 

• Triton X-100, 5 mM CaCh, artd 100 

reconst,tutedm250;,l ofsamplebuffereonta,„.ng2.5/.Tn.onX 1 

mM Tris (pH S.O). The sample was stored a, -70»C un„. it was assayed. 
„ ..e™.ivew,amod,ftedextractio„procednrewasdeve,opedtba.onl,u.il,.d,00.,of 

3amp,eands.nir,ca„tl,redneedtbe,evelsofc„„.am.na.,n„.p,dssucbasphospha.,dylcholme 

a„..sophospha.,d„cbo,ine.,nthisextrae.ion,0.,m,orplasmawasaddedto0.75m,of 
.,„.c™.etha„olO:2,, — andcentrif.edatH,000rpmfor5minntes.Thesnpenta,e 
wasdeeantedintoahewtnbeto Which wasaddedO.25mlofchlorofonnandO.35mlofwa.er. 

,„ ™sm.x.„rewasvor.exedandcentr,f.edasabo,eto.e,dab,phas.esolntion. Thelower 

,.rw.asd,seardedand.otheremam,n.npper,a,er„asadded0.5mlehlorofo™.Thesamp,e 
was™rtexedandcentr,fn.da.ama.M,000.mfor5mmmes. Oneea.am.he lower layerwas 
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discardcd^ To .he upper layer, 0,5 ml chloroform and 1 2,6 ^1 concentrated hydrochloric acid 
were added, .he mixture vortexed and centrifuged as before. The acidified lower layer was 
collected and transferred to a clean tube. The sample was evaporated completely under nitrogen 
and reconstituted in 100 ,^ of sample buffer containing 2.5% Tnton X-lOO, 5 mM CaCI. and 
5 100 mM Tns (pH 8,0), The sample was stored at -70»C until assayed, 
Fn/vme Assay 

In the well of a 96 well microliter plate, 5 ^ 100 ^1 of the extracted Itpid sample was 
incubated with 0,25 untts of phospholipase B or LYPL in 100 mM Tris (pH 8,0) at 37«C for 30- 
iO 60 mtnutes to produce G-3-P: 100 ^1 of cycling reaction enzyme mix containing 1,7 units ofG- 
3-P dehydrogenase, 4 units of G-3.P oxidase. 0,25 mM NADH and 5 mM CaCU in 50 mM Tns 
(pH 8,0) was added and the mixture incubated at 37»C for an additional 60 minutes. The G-3-P 
oxidase converts G-3-P to dihydroxyace.one phosphate and H A. The dihydroxyacetone 
phosphate is in turr, convened back to G.3-P by G-3.P dehydrogenase. This reaction oxtdizes 
,5 NADH to NAD, Therefore, as cycltng continues, both HA and NAD accumulate. 

The level of LysoPA was detemiined by monitoring the oxidation of NADH (i.e. the 
reduction of absorbance at 340 nm afler the cycling action compared to A„. before cycling). In 
addition, the accumulation of H,0. was determined colorimetncally by adding 50 fA of a 

■A n <;o/ unrRS and 0 15% AAP in 100 mM Tris 8.0 to 
solution containing 0.5 units peroxidase, 0.5 /o HDC and u. i d /o 

20 each well and recording the absorbance at 505 nm. 

Numerical values for concentrations of LysoPA were obtained from a standard curve 

constructed from known LysoPA amounts. An internal standard of extracted plasma was 

IQ 
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.ncluded within each assay ,.e. each plate) that was measured at different d.lut.ons. In some 
cases, th.s .ntemai standard was used to correct for variations between different experiments, 
internal standards were also measured in the absence of PLB or LYPL enzyme. Th,s ''no- 
enzyme" sample provided a background value that was subtracted from each unknown when 
calculating the LysoPA levels usmg the NADH measurement. When the colonmetnc method 
was used, the plate was blanked at 505 nm prior to color development. 
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Results 



The results of the two-step 



enzymatic assay of the invention are shown in Table 1. 



TABLE I 

P1SJ7VMF ASSAY ni^TFrT I.YSOPA 

Fn/ yme Assay 



Sensitivity 

Inter-assay variability 
Intra-assay variability 
Yield 

25 Sample Volume 

Processing Time 
(20 samples) 



0.2 //M 
5% 
<5% 
90% 
0.1 ml 
3-4 hours 



TT CIGC. Assay 
1 //M 
15% 
15% 

10"o 

0.5 - 1 ml 
1-2 days 



30 



These results demonstrate the advantages of the present enzymatic assay as compared .0 
the TLC/GC assay. The assay is Hnear from 0.2 ,M to 1 ,M of LysoPA concentration. In 
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addition, the enzymatic assays of the present invention provide high yield, increased sensitivity 
and rapid processing time. 

EXAMPLE II 

5 DETECTION AND QUANTITATION OF LYSQPC LEVELS IN HUMAN 

PLASMA AND SERUM 

Reaeents 

10 Lysophospholipase (LYPL) was purchased from Asahi Chemical Industry, Tokyo, Japan. 

Glycerophosphorylcholine phosphodiesterase (GPC-PDE), choline oxidase, and 4- 
aminoantipyrine (AAP) were purchased from Sigma Chemical Co., St. Louis, MO. Peroxidase 
was purchased from Boerhinger Mannheim, Indianapolis, IN. 3,5 Dichloro-2- 
hydroxybenzenesulfonic acid sodium salt (HDCBS) was purchased from Biosynth AG, 

15 Naperville, IL. All lipid standards and fatty acids were purchased from Avanti Polar Lipids, 
Alabaster, AL or Sigma Chemical Co. 
Sample Collection and Processing 

Blood was collected and plasma was processed as described in Example L For serum, 

20 blood was collected in silicone-coated Vacutainer tubes (Red Top) and was centrifuged under 

normal conditions. Serum and plasma was transferred to plastic tubes and stored frozen at -20V 
to -80^^C. 

Sample Preparation for the Enzymatic Assay 
25 Approximately 35 ^1 plasma or serum was diluted 1:10 in sample buffer (1% Triton, 10 

mM calcium chioride, 50 mM Tris pH 8.0) to a total volume of 350 |il. 

21 
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■, „la.e 100 ,1 of .he amcd l.pid .s ali.uo.ed in 
11 „fa 96 well micro"'" P'"'*- '' . 
« , ,,VPU0.«.™...PC-POe,0..«U„i.).sa..-. 

"'^""''^ ° ™.e«..onpro..ces,,cerophosp.o.l*ol,neasan 
, .„,,.eaa.3fCfo.lO™n.es. Uisreac P ,3-P an. 

u T YPT digestion of LysoPC. The u 

*„,i„e from glycerophospl«lchol.ne. ^^^.^^ 

■mis Units choline oxidase, 0.5 uniis v 
,..,30,c.oUnedetect.onn.. ^^^^^ . 3.C ..3 n...tes. 

AAP,0.l25%HDCBS,100naMTnspH8.0)tsad 

,0 TheplatetsthenreadatAso. The assay .s Unear from 5 to 200 

. results of the assay for Lysof'-- 
Table 11 illustrates the results :„ter-assay variability. 

. U LvsoPC and exhibits low mtra-assay and inter assay 
,MLysoPC,sensUiveto5,MLysoPCa 
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TABLEjl 

Sensitivity 

5-200 \M 

Linear Range 

• uHfv 3.0% 
Intra-assay variability 

t::;-:i--X-.------- 
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je.en„inedinaU10dUu.ed sample u.ng.h.assay^ 



pvaMPI-EllI 




fhnih non-cancer subjects and patients 
LysoPA levels were determtned in plasma of both non 

. ,er Blood was collected from female pattents and was processed as 
10 havrngovanan cancer. Blood was , f„ .he enzymattc assay of 

, , Pl»,ma from the samples was prepared for the enzym 
described above m Example I. Plasma from ,,,, described 

. i.t The enzyme assay was performed as descnoea 

the invention as described above m Example I The enzy 

randcancerpatientsasdetermmedusingthe 
Average LysoPA levels for non-cancer and cancer p 

, .ofLvsoPA were significantly increased in the plasma of 
,5 enzyme assay shows that average levels of LysoPA 

patientshav,„gova.anca„cerasdeterminednsing.hemethodsofthe,„vent,o. 

,„^^,,„„,,„,3,,,soPCa„dPCwerede.ermmed.omtheplasmaopant 

,„,...ontova„ancancerns,ngtheenz,meassayasdesc„bedabovemBxamp,es,,an.U. 

heseresnltswerecombmedandmnl.,p,edtoy.e,damnlti-,,p.da,ag„osticmeasnrement. 

These results w , , o to 1 00% higher in ovarian cancer 

..p.„eldedameas„reme„tfrom.OO.to.OO.h,ghermovariancancervers.sno™ 

XhseresnltssuggesttbattHecombinatorralapproacbmayprovideamoreaccnrate 
patrents. These results sugg ^Hysophospholipids 
^.y for detecting condttions such as cancer assocated w,th 
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u nf false positive and false negative results. 
andphosphoUpidsbyreducngthcnumberoffalsepos 

E)CAMPLEiy 

• ^»nth Weeding disorders fi.e 
,0 3»p,esca™efro.pa.en.sw.owerep,=viousW.a.nose.w,.>,.ieea , 

coagulopathy). LysoP 

demonstrated signtf.cantly h,gh=r average LysoPA 

or a bleedirtg disorder. .,l,„a, of the invention can 

-resn,.s.ro..hee.a™p,eshere.„de— tatthe ..^^^^^ 

,..aorsemn,are™,t,phedtodetectthediseaseco„d,.,on. ^^^^^^ 
Varronspuhiicat-onsarecitedhereinwhichareherehyncorporatedhyrer 

.„ a in the art in which the invention is addressed, the 
As W.U be apparent to those skilled .n the art in 

. d' d in fomrs other than those specifically disclosed above 
present invention naay be entbod.ed ,n forms 

«,.ontdepart,ngfrontthespnitorpote„t,alcharacter,st,csof.he,nvent 

24 
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embodiments of the present invention descnbed above are therefore to be considered m all 
respects as illustrative and not restrietwe. The scope of the present invention is as set forth in the 
appended claims and equivalents thereof rather than bemg limited to the examples contained in 
the foregoing description. 
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